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ABSTRACT
Background: Tubular over- the- top decompression is getting popular in the management of lumbar canal stenosis (LCS). 

While L4- L5 is the most common level affected and operated for LCS, it is not uncommon to encounter patients with stenosis 
at L5- S1. No previous study has described the technical challenges of tubular decompression at the L5- S1 level as compared to 
at the L4- L5 level.

Methods: This observational study was done on 40 consecutive patients older than 45 years who underwent magnetic 
resonance imaging (MRI) for back- related issues. The following radiological parameters: interlaminar angle, tube angle, laminar 
thickness ratio at the isthmus, and the laminar length ratio were evaluated at the L4- L5 level (group A) and the L5- S1 level 
(group B). The hypothesis behind the study was that if these patients were subjected to tubular decompression, then there will 
be technical differences between doing the surgery at the L4- L5 and L5- S1 levels.

Results: The mean age of the patients was 56.8 years (46–72) and the male to female ratio was 3:2. The mean interlaminar 
angle in group A was 71° and in group B was 102°. The tube angle in group A and group B was 36.8° and 49.7°, respectively. 
The laminar thickness ratio (L4:L5) was 1.34:1 and the laminar length ratio (L4:L5) was 1:1.42 in group A and B, respectively.

Conclusion: Tubular decompression at the L5- S1 level has its own challenges because of the different anatomy of the 
L5 lamina compared to that of the L4 lamina. The wide interlaminar angle of L5 as compared to L4 dictates more oblique tube 
docking (tube angle) and more extensive table tilting to reach the contralateral lateral recess, thus making it challenging. The 
authors recommend that surgeons be conscious of this fact while performing tubular decompression at the L5- S1 level.

Clinical Relevance: This article provides information regarding technical challenges of doing surgery at L5- S1 level as 
compared to L4- L5 level.

Level of Evidence: 3.

Minimally Invasive Surgery
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INTRODUCTION

Lumbar canal stenosis (LCS) is the most common indi-
cation of spinal surgery in elderly.1 According to the area 
of affection, it can be categorized as central and lateral 
recess stenosis. Laminectomy and decompression is the 
treatment of choice for LCS. Since the time Foley and 
Smith popularized the use of tubular retractor system in 
lumbar spine surgery,2 unilateral laminotomy and bilat-
eral decompression (ULBD) has shown favorable clinical 
outcomes and is widely used.3–5 The L4- L5 level is the 
most affected level with affection of fifth lumbar root fol-
lowed by the L3- L4 and L5- S1 levels.6 The morphome-
try of the L4 vertebra and the L4- L5 facet articulation is 
different from L5 vertebra and L5- S1 facet articulation, 
respectively. Previous studies have extensively described 
the morphometry at different levels and its significance in 
context of pedicle screw instrumentation.7–9 However, to 

our knowledge, no previous study has described the tech-
nical differences faced during L5- S1 ULBD as compared 
to at the L4- L5 level. In the present article, we present the 
challenges associated with tubular decompression at the 
L5- S1 level as compared to the L4- L5 level.

MATERIALS AND METHODS

After institutional board approval, this observational 
study was done on 40 consecutive patients from outdoor 
patient department who underwent magnetic resonance 
imaging (MRI) for back- related issues. Written informed 
consent was taken from all the participants included in the 
study. Patients with spine trauma, tumor, infection, and 
deformity were excluded from the study and the radio-
logical parameters (mentioned below) were evaluated 
at L4- L5 level (group 1) and L5- S1 level (group 2). The 
radiological parameters were assessed independently by 2 
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fellowship- trained spine surgeons and 1 radiologist. The 
hypothesis behind the study was that if these patients have 
to undergo tubular decompression in future then there 
will be technical differences between doing the surgery at 
L4- L5 and L5- S1 level.

The parameters measured on MRI (measured manu-
ally) were as follows:

1. Interlaminar angle
Measured between the lines that are in the plane of 

right and left laminae of vertebrae (Figure 1)
2. Tube angle
Measured between a vertical line drawn along the 

spinous process and a line drawn along the lamina (col-
linear with the tube) in axial MRI cuts (Figure 2)

3. Ratio of the thickness of isthmus (thinnest 
portion) of the lamina of L4 and L5

4. Laminar length (from the midline to the lateral 
recess) ratio at L4 and L5

Figure 1. Interlaminar angle at (A) L4- L5 and (B) L5- S1 level.

Figure 2. Tube angle at (A) L4- L5 and (B) L5- S1 level.
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Importance of the Above Measurements in the 
Context of Execution of Tubular Over-the-Top 

(OTT) Decompression

As a part of minimal access decompression of LCS, 
decompression of the contralateral lateral recess steno-
sis is performed using over- the- top (OTT) technique 
through a tubular retractor. The contralateral lateral 
recess is remotely situated at an acute angle in the 
context of ipsilateral laminotomy and is thus difficult 
for the operating surgeon to access without adaptations. 
The strategy employed by most surgeons is to strap the 
patient securely to the operating table and tilt the table 
to the opposite side. The tilting of the table translates 
in making the axis of the tubular retractor as vertical 
as possible, thus making it ergonomically easy for the 
surgeon to access the contralateral lateral recess. The 
measurements described previously relate to the degree 
of complexity in executing contralateral lateral recess 
decompression at the L4- L5 and L5- S1 levels.

The t test was used to compare the 2 groups, and P 
< 0.05 was considered statistically significant. Interob-
server correlation of methods of radiological param-
eters measurement was estimated using the interclass 
coefficient (ICC).

RESULTS

The mean age of the patients was 56.8 years (range, 
46–72) and the M:F ratio was 3:2. The interlaminar and 
tube angle were as follows:

1. Interlaminar angle among the groups:

Parameter Group 1 (L4) Group 2 (L5) P Value

Interlaminar angle, mean 71° 102° <0.001

2. Tube angle among the groups:

Parameter Group 1 (L4- L5) Group 2 (L5- S1) P Value

Tube angle, mean 36.8° 49.7° <0.001

The laminar thickness ratio (L4:L5) was 1.34:1 
and the laminar length ratio (L4:L5) was 1:1.42. The 
interobserver reliability among the observers and ICC 
is shown in Table.

DISCUSSION

LCS most commonly affects the L4- L5 level and 
correspondingly minimally invasive surgeons are most 
experienced and equipped to decompress the L4- L5 
segment using tubular retractors. The tenets of tubular 

decompression and operative steps are imbibed during 
the training period by various means such as assisting 
in surgeries and attending workshops. Tubular OTT 
decompression is one of the popular and prevalent 
techniques of minimally invasive decompression.10 
The operative principles involve unilateral laminot-
omy, tilting of the tube, microscope, and the operating 
table to the contralateral side, and performing central 
and contralateral decompression. This is followed by 
ipsilateral tilting of the operating table, tube, and the 
microscope, making it convenient for ipsilateral decom-
pression. Hence, for a successful global (central canal 
and bilateral lateral recesses) decompression, a lot 
depends upon the ability to incline the operating table, 
the tubular retractor, and the microscope. The inclina-
tion is necessary especially to reach the contralateral 
lateral recess and foramen while keeping the vision of 
the operative field as straight and vertical as possible for 
the operating surgeon. This is necessary from the point 
of ergonomics as well as feasibility.

The factors that determine the degree of inclination 
of the above 3 components (table, tube, and microscope) 
necessary are the depth of the contralateral recess and 
the angle made by the contralateral lamina (collinear 
with the tube) with a vertical line. It is safe to state that 
the more acute the angle of the lamina with the vertical, 
the lesser the inclination that is necessary (Figure 3). 
Again, the deeper the contralateral recess, the more 
deep is the length of excursion of instruments like Ker-
rison rongeur to decompress the opposite nerve root. 
These are some important factors that come into play 
in consideration of tubular over- the- top decompression 
at L5- S1 in comparison to the more frequently operated 
L4- L5 level. The current study analyzes these factors in 
an objective way to put forth an argument that tubular 
microdecompression at L5- S1 is laid with some unique 
complexities.

First, the authors found that the interlaminar angle 
is significantly higher at L5- S1 in comparison to 
L4- L5 and this makes the working angle steeper for 

Table. Interobserver reliabilitya among the observers.

Radiological Parameters
Agreement Between 

Observers ICC

Interlaminar angle
  L4- L5 60% 0.98
  L5- S1 62.5% 0.99
Tube angle
  L4- L5 62.5% 0.97
  L5- S1 57.5% 0.94
Laminar thickness ratio 65% 0.97
Laminar length ratio 62.5% 0.96

aInter- observer correlation was estimated using the interclass coefficient (ICC).
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the operating surgeon in the axial plane. This challenge 
basically demands a higher degree of tilt for the 3 com-
ponents discussed above. This is also reflected in the 
angle made by the lamina with the vertical which is 
much higher at the L5- S1 level, meaning that a greater 
effort has to be made by the operating surgeon to obtain 
a more convenient access to the contralateral lateral 
recess. Again, the difficulty is compounded by the lor-
dosis at L5- S1 which demands an oblique disposition of 
the surgeon’s head toward the headend of the operating 
table. This can be circumvented to a certain extent by 
raising the headend of the table in order to reduce the 
plane at L5- S1 to horizontal.

Second, the first challenge is complicated by a longer 
stride to reach the corners of the contralateral recess at 
L5- S1 in comparison to L4- L5 because of the natural 
widening of the interpedicular distance as we move 
down in the caudal direction. This is objectively noted 
in the current study by measuring the laminar length 
from the midline to the lateral recess, which appears to 
be significantly higher at L5 compared to L4, almost 
close to 1.5 times. This feature assumes importance 
since it makes the access to contralateral decompres-
sion deeper and farther.

Third, thickness of the lamina is important in the 
context of execution of decompression of the contralat-
eral side. A thick lamina will provide sufficient latitude 
to perform an internal decompression using the drill 
and Kerrison rongeurs without fracturing. On the con-
trary, a thin lamina, especially at the site of the isthmus 

(thinnest part), has the potential to break while drilling 
or decompressing, leading to inadvertent entry into the 
soft tissues on the opposite side. This can lead to disori-
entation of the anatomy and bleeding from the contra-
lateral soft tissues that is difficult to control. To a certain 
extent, it also works against the philosophy of the OTT 
concept of decompression that advocates unilateral 
laminotomy and global decompression without expo-
sure of the contralateral side. The current study reveals 
the challenges that L5- S1 decompression would pose 
in comparison to L4- L5 in this context, demonstrating 
a much thinner laminar isthmus at L5 in contrast to L4.

The limitation of the current study relates to the non-
stenotic MRI images that were considered and evalu-
ated. However, the authors comprehend that this will 
not influence the revelations and impact of the study.

CONCLUSION

Tubular decompression at L5- S1 level has its own 
challenges because of the different anatomy of L5 
lamina as compared to that of L4 lamina. The wide inter-
laminar angle of L5 as compared to L4 dictates more 
oblique tube docking (tube angle) and more extensive 
table tilting to reach the contralateral lateral recess, thus 
making it challenging. Thinner lamina at L5 as com-
pared to L4 lamina has the potential to break while drill-
ing and disorient the anatomy, and a longer distance of 
lateral recess from midline at L5- S1 compared to L4- L5 
makes the access to decompression deeper and farther. 
The authors recommend that surgeons be conscious of 
these facts while performing tubular decompression at 
L5- S1 level.
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